Spinach leaf fructose 2,6-bisphosphate levels increase rapidly during the firt 15 minutes of a normal dark period followed by a gradual decline during the next 5 hours. The regulatory mechanism responsible for the dark-induced rise in fructose 2,6-bisphosphate levels can be counteracted by a brief exposure to light intensities greater than 1 microeinstein per square meter per second.
The regulatory metabolite F2,6-P2' is a potent inhibitor of cytoplasmic FBPase (4, 7, 16) , a key enzyme in the sucrose biosynthetic pathway. As such, an increase in the level of F2,6-P2 should tend to decrease the flow of carbon through FBPase. Carbon flow through FBPase decreases rapidly during the initial part of the dark period (18) and, at this time, F2,6-P2 levels increase in the leaves of pea (3) and soybean (9) . In spinach leaves, however, F2,6-P2 levels have been reported to decrease (13) , rather than increase, at the beginning of the dark period. To resolve this difference, we have re-examined the effect of darkness on spinach leaf F2,6-P2 levels.
MATERIALS AND METHODS
Plant Material. Spinach (Spinacia oleracea L. cv America) plants were grown as previously described (10) . The (19) . The reaction mixture (0.5 ml) contained 50 mM Tris-HC1 (pH 8.0), 10 mM MgCl2, 0.15 mM NADH, 3 mM EDTA, 2 mM DTT, 0.5 mm PPi, 1 mM F6P, 0.25 unit of aldolase, 5 units of triosephosphate isomerase, 0.5 unit of a-glycerophosphate dehydrogenase, and 0.02 unit of pyrophosphate/F6P phosphotransferase. Appropriate aliquots (0.5-3 pmol F2,6-P2) of the sample were added and the rate of reaction compared to a standard curve prepared with known quantities of F2,6-P2. The standard curve was prepared using an acidified (0.1 N HCI, 15 min) and then neutralized (0.1 N NaOH) aliquot of the sample. An equivalent amount of NaCl was also added to the unknown. All reactions were run at 25°C.
Using this extraction and assay procedure, the percentage recovery of F2,6-P2 added to the sample during grinding was 68 + 8 (mean ± SE of four experiments).
Other Methods. Chl was estimated according to the method of Arnon (1). Glucose 6-phosphate, sucrose, and starch were determined as in the procedures of Robinson (10).
RESULTS AND DISCUSSION Fructose 2,6-Bisphosphate during a Light to Dark Transition. Spinach leaf F2,6-P2 levels show a rapid initial increase (1.0- 1.4 nmol/mg Chl) during the first 15 min in the dark followed by a gradual decrease (to 0.9 nmol/mg Chl) during the next 5 h (Fig.  1) . The gradual decrease in F2,6-P2 coincides with a rapid depletion ofthe leaf sucrose pool and a more gradual decline in starch levels (Fig. 1) . Similar light/dark F2,6-P2 profiles have also been observed in the leaves of barley (R. Sicher, personal communication), pea (3) , and soybean (9) .
The dark-induced rise in F2,6-P2 reported here is in contrast to the results of an earlier study in which spinach leaf F2,6-P2 levels were found to decrease by 50% upon darkening (13) . It seems unlikely that this difference is the result of varying growth conditions since these are similar in many respects. Our chambers produce plants with high photosynthetic rates (2) ; the plants of Stitt et aL (13) had similarly high rates. In our study, the day length was 12 h as opposed to their 9 h, however plants given only 7 h of light also show the dark induced rise in F2,6-P2 (2 (18) . At this time, preformed (vacuolar) sucrose rather than newly synthesized sucrose is being utilized for export (5, 6, 1 1). As the vacuolar sucrose pool is depleted, an increase in the rate of sucrose synthesis (from starch) is observed (5, 6) . Thus, in the darkened leaf, sucrose synthesis rates may be inversely related to F2,6-P2 levels, being low at the beginning of the dark period when F2,6-P2 levels are elevated ( Fig. 1; 18 ) and increasing later on as F2,6-P2 levels decline ( Fig. 1; 5, 6 ).
Although a role for F2,6-P2 in controlling sucrose synthesis in the dark is attractive, several uncertainties remain. For example, is the level of fructose 1,6-bisP ever high enough at night to permit carbon flow through FBPase at any level of F2,6-P2 (7)? Also, in the present study, spinach leaf starch levels decline as soon as the lights are turned off (Fig. 1 (17, 18) . A similar decrease was also observed in the amount of G6P, a metabolite in equilibrium with F6P, in this study (Fig. 1) and in the work of Stitt et al. (13, 17, 18 ). In addition, the level of cytoplasmic ATP (the phosphoryl donor in F2,6-P2 synthesis) does not increase during a light to dark transition (18) . Thus, precursor levels are not enhanced in the dark and cannot, therefore, be responsible for the dark-induced increase in F2,6-P2. It has been suggested that the level of DHAP, an inhibitor of the enzyme synthesizing F2,6-P2 (F6P,2K), could INCREASE IN FRUCTOSE 2,6-BISPHOSPHATE be important in controlling F2,6-P2 levels (12) . In this context, the rapid drop in cytoplasmic DHAP that occurs in the dark (7, 18) could play a crucial role in increasing F2,6-P2 levels. Control may also be exercised via in vivo phosphorylation of F6P,2K as the spinach leaf enzyme can be phosphorylated in vitro with a resulting change in enzyme activity (C. Baysdorfer, J. M. Robinson, unpublished data).
